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The fact that neutrinos have mass allows them to possess many other properties, like a magnetic dipole moment
and a finite decay width. Theoretical expectations for these are, however, well beyond current experimental
bounds, and the discovery of new exotic neutrino properties would indicate the presence of (more) new physics.
Here, I review some of the current bounds on exotic neutrino properties.
Neutrino experiments are unique probes of several fundamental space-time symmetries, including invariance
under CP and Lorentz transformations. I discuss how precision neutrino experiments are used to test some of the
most fundamental principles of physics at unprecedented levels.
1. Introduction
Our picture of the high energy world changed
with the amazing discovery that neutrinos have
tiny, yet nonzero, masses. This na¨ıvely simple
fact requires a qualitative modification of the
Standard Model.
We currently do not know what the “New Stan-
dard Model” Lagrangian is. There are two dis-
tinct “minimal” candidates:
L = Lold SM − λαβ LαHLβH
2M
+ h.c. (1)
or
L = Lold SM + iN¯i/∂Ni − λαiL¯αHNi + h.c.. (2)
Here, Lα are the left-handed lepton weak isodou-
blets, H is the Higgs scalar weak isodoublet, Ni
are right-handed fermion gauge singlets, λ are di-
mensionless coefficients, and M is a (very large)
mass parameter. Lold SM is the Lagrangian of the
“old” Standard Model, which predicts that neu-
trinos are strictly massless.
In the case of Eq. (1), our description of Nature
is no longer valid up to arbitrarily high energy
scales (or even the Planck scale), but breaks down
at some energy scale close to M . If M ≫ 〈H〉,
the smallness of the neutrino mass is promptly
understood: mν = λ〈H〉2/M ≪ 〈H〉. 〈H〉 =
O(102 GeV) is the characteristic scale of all fun-
damental charged fermion masses (up to a dimen-
sionless factor, which varies between 10−5 and 1).
Finally, the Lagrangian Eq. (1) predicts that the
neutrinos are Majorana fermions and that lepton
number minus baryon number is not strictly con-
served in Nature.
In the case of Eq. (2), only renormalizable oper-
ators are added to the old Standard Model, and
there is no concrete reason to believe that this
description of Nature is not valid all the way up
to energy scales where gravitational interactions
become relevant. There is, however, no natu-
ral mechanism for understanding why neutrino
masses are so small – mν = λ〈H〉, and the cur-
rent data require λαi = O(10−12) (cf. the elec-
tron Yukawa coupling, which is O(10−5)). Fi-
nally, Eq. (2) predicts that the neutrinos are
Dirac fermions, like all of its charged counter-
parts. It is important to note that Eq. (2) is not
the most general renormalizable Lagrangian con-
sistent with all gauge symmetries of the the Stan-
dard Model – the relevant operator M ijN¯ ciNj is
absent. This absence needs to be “enforced” by,
for example, imposing a new symmetry on the
Standard Model, such as a global U(1)B−L.
Except for the faith of baryon number mi-
nus lepton number, which will hopefully be un-
ambiguously revealed by searches for neutrino-
less double beta decay [1], both candidate La-
grangians share a remarkable feature: except
for endowing the neutrinos with nonzero masses,
they do not lead to any other observable physics
1
2effects!
The statuses of current (still fruitless) searches
for effects that violate the predictions of Eqs. (1)
and (2) are discussed in the next section. Neu-
trino tests of the validity of a few space-time sym-
metries, some expected to be violated, like CP-
invariance, others fundamental to our description
of Nature, like CPT-invariance, are discussed in
section 3. A brief summary and conclusions fol-
low.
2. Neutrino Exotic Properties
The fact that neutrinos have mass, combined
with the unprecedented abundance of precise neu-
trino data, allows one to probe whether the neu-
trinos are endowed with other unexpected prop-
erties. These include an anomalously large mag-
netic and/or electric dipole moment or an anoma-
lously short lifetime. The confirmation of either
would signify that the minimal guesses for Na-
ture’s Lagrangian, Eq. (1) and Eq. (2), are in-
complete.
2.1. Neutrino Dipole Moments
Like all other massive fermions, neutrinos are
expected to have nonzero electric and magnetic
dipole moments, µν . The nature of µν will de-
pend on whether the neutrinos are Majorana or
Dirac fermions:
LMajm.m. = µijν (νiσµννjFµν) + h.c., (3)
where µijν = −µjiν , or
LDiracm.m. = µijν (ν¯iσµνNjFµν) + h.c.. (4)
In either version of the New Standard Model, the
elements of µν are predicted to be tiny [2]:
µijν ≤
3eGF
8
√
2π2
mν = 3× 10−20µB
( mν
10−1 eV
)
, (5)
where µB = e/2me is the Bohr magneton.
The current bounds on linear combinations of
elements of µν are provided by a large variety of
experimental probes, including
• precision studies of ν¯ee− → νβ (ν¯β) e−, ∀β
(β = e, µ, τ) [3];
• searches for a solar electron antineutrino
flux. A nonzero flux would arise due to neu-
trino interactions with the Sun’s magnetic
field, plus the effects of neutrino oscillations
[4];
• various astrophysical probes, including the
cooling rate of red-giant stars [5].
Current 90% confidence level bounds of µν <
1.0×10−10µB are widely accepted [6], while stud-
ies of neutrinos from astrophysical objects (in-
cluding our Sun) hint at µν < O(10
−[12÷11]µB)
[4,5].
Na¨ıvely, one would expect other new
electroweak-scale physics to yield “large” con-
tributions to the neutrino dipole moments,
µ ∼ eh
2
M2new
mf , (6)
where mf is a charged fermion mass, h a dimen-
sionless coupling andMnew the new physics scale.
Hence, searches for neutrino magnetic moments
constrain the new physics scale and coupling, sim-
ilar to searches for rare charged lepton process,
like µ → eγ [7], and precision measurements of
the anomalous magnetic moment of the muon.
2.2. Neutrino Decays
Now that we know the neutrinos have mass,
we expect the two heavier neutrinos to decay into
lighter objects. Indeed, only the lightest neutrino
is currently guaranteed to be stable, given that it
is the lightest known fermion.
In the New Standard Model, There are two
allowed neutrino decay modes: νi → νjγ or
νi → νjνkνl (here ν stands for neutrinos and/or
antineutrinos). The electromagnetic neutrino de-
cay is governed by the same type of magnetic mo-
ment operator discussed in the previous subsec-
tion, and expectations for the neutrino lifetime
are absurdly long: τ > 1038 years for mν ∼ 1 eV
[8]. Similarly, τ(ν → 3ν) > 1039 years [8]. Need-
less to say, current experimental upper bounds
are many orders of magnitude away from the New
Standard Model expectations. For example, con-
straints on ν → νγ from failed searches for mag-
netic dipole moments impose the following bound
3on the neutrino “electromagnetic” lifetime [9]:
τ > 5× 1011
(
10−10µB
µν
)2
years, (7)
for mν ∼ 1 eV.
The observation of a finite neutrino lifetime,
similar to that of a neutrino dipole moment,
would indicate the presence of physics beyond the
New Standard Model. These are either “bread-
and-butter” 1/Mnew effects or, more interestingly,
indicate the existence of new, very light yet still
unobservable, degrees of freedom (say, new quasi-
massless scalars or pseudo-scalars).
Experimental bounds on the neutrino lifetime
depend tremendously on the decay mode. Model
independent bounds are extraordinarily weak,
and depend on the neutrino mass hierarchy and
the elements of the leptonic mixing matrix. Ar-
guably, the best bounds are for the ν2-lifetime,
and come from solar neutrino data [10] – and
are very easy to estimate. Given that one as-
tronomical unit is roughly 500 light-seconds, the
absence of neutrino-decay effects in the solar neu-
trino data bound, very roughly,
γτ > 500 s; (8)
τ > 500m
E
s ∼ 10−4 s ( m1 eV 2 ) ( 5 MeVE ) . (9)
Significantly better (by many others of magni-
tude) bounds are expected from the future de-
tection of astrophysical neutrinos, as discussed,
for example, in recent studies of the detection of
very high energy astrophysical neutrinos [11] and
of relic supernova neutrinos [12].
3. Tests of Fundamental Symmetries
Neutrino experiments are capable of exploring
with unmatched precision whether several funda-
mental symmetries, including CP/T-invariance,
Lorentz invariance, and CPT-invariance, are in-
deed respected in the leptonic sector.
3.1. CP-Invariance and T-Invariance
Given that there are at least three neutrino
species, CP-invariance violation and T-invariance
violation are expected. Furthermore, assuming
that the same mechanism for CP-invariance vio-
lation that operates in the quark sector is at work
in the leptonic sector, one expects that all lep-
ton number conserving, CP-invariance violating
phenomena should be parametrized by the same
physical parameter, namely the “Dirac” CP-odd
phase δ of the leptonic mixing matrix.1
Currently, there is no positive signal for CP-
invariance violation in the neutrino sector. Next
generation neutrino experiments, however, are
being planned to probe for CP-invariance violat-
ing effects and, most importantly, to determine
the mechanism for CP-invariance violation in the
leptonic sector. Very schematically, the several
search channels include (i) comparing P (να →
νβ) × P (ν¯α → ν¯β) for various α, β, which probes
the validity of CP-invariance (in practice, the use-
fulness of this comparison depends on how well
the matter effects are known), and (ii) comparing
P (να → νβ)×P (νβ → να) for various α, β, which
probes the validity of T-invariance. For more de-
tails, see [13].
If neutrinos are Majorana fermions, the
CKM mechanism predicts other sources of CP-
invariance violation. These are controlled by the
so-called “Majorana” CP-odd phases, and are
observable in lepton number violating processes.
For example, very precise measurements of the
lifetime for neutrinoless double beta decay, com-
bined with futuristic computations of the relevant
nuclear matrix elements and measurements of the
neutrino oscillation parameters, may allow one
to determine one linear combination of Majorana
phases [14]. Curiously enough, while the CP-odd
phase can be measured in this way, its effect is
not CP-invariance violating [15]. There are sev-
eral bona fide CP-invariance violating phenomena
mediated by Majorana phases (see, for example,
[15]). These, however, are exceedingly hard to ob-
serve, given that the rate for all (lepton number
violating) observables involved are directly pro-
portional to the very tiny neutrino masses.
Finally, in the see-saw model [16], there are
several other CP-odd parameters that control po-
tentially observable CP-invariance violating phe-
nomena. These are related, for example, to CP-
invariance violation in the decay of the super
1Throughout, I use the PDG parametrization of the lep-
tonic mixing matrix [6].
4heavy “right-handed” neutrinos into leptons and
Higgs bosons. While these phenomena cannot be
observed today (or any time in the foreseeable fu-
ture), they may have been ubiquitous in the very
early, very hot stages of the Universe, and may
have played a fundamental role in generating the
currently observed baryon asymmetry of the Uni-
verse [17].
3.2. Lorentz Invariance
Lorentz invariance is one of the pillars of the
quantum field theories used to describe all micro-
scopic phenomena observed to date. The exper-
imental discovery that Lorentz invariance is vio-
lated would radically change our picture of the
Universe we live in.
Violation of Lorentz invariance in the neutrino
sector can manifest itself as a modified dispersion
relation for the neutrino states: E2 − |~p|2 6= m2.
Modified neutrino dispersion relations lead to de-
viations of the characteristic L/E dependency of
the neutrino oscillation probability, and can hence
be looked for in precise long-baseline neutrino ex-
periments.
Here, I’ll describe one simple formalism, dis-
cussed in the literature by several authors [18,
19], and will illustrate how neutrino oscillations
bound Lorentz invariant violating effects. From
within this formalism several interesting phe-
nomenological possibilities arise, including the
possibility of explaining all neutrino data via
Lorentz invariance violation alone (without any
neutrino masses) [20]! Here, I only discuss
straight forward bounds on sub-leading effects
due to the violation of Lorentz invariance.
Consider adding to the Standard Model the fol-
lowing Lagrangian:
LLorentz ⊃ Aijµ ν¯iγµνj + Bijµν ν¯σµνν +H.c., (10)
where Aij (Bij) are a Lorentz vectors (tensors)
and i, j = 1, 2, 3. Lorentz invariance is “sponta-
neously broken” if A and/or B have nonzero vac-
uum expectation values. Let us assume that in
a convenient reference frame 〈Aµij〉 = (Vij/2,~0).
Under these circumstances, and in the limit
E, |~p| ≫ m,V ,
E = ~p+
m2
2|~p| ± V. (11)
The plus (minus) sign applies for neutrinos (an-
tineutrinos), meaning that in this formalism
CPT-invariance is also violated. Note that, in
Eq. (11), V plays the same role as the well-known
matter potential, which modifies the propagation
of neutrinos in matter. For this reason, V can
be referred to as the matter potential for neu-
trino propagation in a Lorentz invariant violating
“ether.”
Two-flavor ether oscillations are given by
P (νe → νx) = sin2 2θeff sin2
(
∆eff
2 L
)
, (12)
∆2eff = (∆cos 2θ − V )2 + (∆ sin 2θ + Vex)2 ,(13)
∆eff sin 2θeff = ∆sin 2θ + Vex, (14)
∆eff cos 2θeff = ∆cos 2θ − Vex, (15)
where ∆ = ∆m2/2E, V = 2(Vee−Vxx) (I use the
notation of [19]). For antineutrinos, the same ex-
pressions apply, with Vij → −Vij . In the presence
of the ether, neutrinos and antineutrinos have
(different) energy dependent “mixing angles” and
oscillation frequencies.
Current neutrino data set bounds for Vij . Very
conservatively, the absence of ether effects will
bound Vij < ∆m
2/2E, in such a way that one
can estimate Vex < 10
−6 eV2/MeV (from solar
and KamLAND data) and Vµx < 10
−3 eV2/GeV
(from the atmospheric data). Hence, current os-
cillation data bound all Vij < 10
−21 GeV (at
least). The precise values of these upper bounds
can be found in the literature [21].
3.3. CPT-invariance
CPT-invariance is a consequence of the fact
that our description of Nature is local, causal
and Lorentz invariant. In the previous subsec-
tion, I discussed a model where CPT-invariance
was violated through the violation of Lorentz in-
variance. Here, I discuss another manifestation
of CPT-invariance violation: the possibility that
neutrino and antineutrino masses are different.
The possibility that mν 6= mν¯ was raised in
[22] in order to address a slight inconsistency
of the neutrino data from Supernova 1987A and
to resolve the LSND anomaly [23] without the
addition of new degrees of freedom. Currently,
these types of solution to the LSND anomaly [24]
are experimentally disfavored, because (i) Kam-
5LAND (antineutrinos) and solar (neutrinos) data
require small, consistent mass-squared differences
– ∆m2sol ≃ ∆m¯2KamLAND ≪ ∆m¯2LSND;2 (ii) The
atmospheric neutrino data require that the mass-
squared difference that governs both νµ ↔ ντ
and ν¯µ ↔ ν¯τ transitions be much smaller than
the mass-squared difference required to solve the
LSND anomaly – ∆m¯2atm ≪ ∆m¯2LSND at more
than the three sigma confidence level, as depicted
in figure 1. See [25] for details.
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Figure 1. 90%, 95%, 99%, and three sigma confi-
dence level allowed regions (filled) in the ∆m¯213 =
∆m2LSND × sin2 2θLSND plane required to explain
the LSND signal, together with the correspond-
ing allowed regions from a global analysis [25] of
all-but-LSND data. The contour lines correspond
to ∆χ2 = 13 and 16 (3.2 and 3.6 sigma, respec-
tively). See [25] for details.
Since CPT-invariance violation is currently dis-
favored by the neutrino oscillation data, I pro-
2Here, m¯ and θ¯ refer to masses and mixing angles in the
antineutrino sector, which may differ from m and θ, asso-
ciated to the neutrino sector.
ceed to discuss how the neutrino data can be
used to constrain several observables that serve to
parametrize CPT-invariance violation. In partic-
ular, I’ll discuss bounds on ∆(∆m2ij) ≡ |∆m2ij −
∆m¯2ij | and ∆(sin2 θij) ≡ | sin2 θij − sin2 θ¯ij |.
Figure 2 depicts the values of ∆m213, sin
2 θ23,
sin2 θ13, ∆m¯
2
13, sin
2 θ¯23, and sin
2 θ¯13, allowed by
the current atmospheric neutrino data [25]. From
the figure, it is easy to estimate
∆(∆m213) < 1.1× 10−2 eV2, (16)
∆(sin2 θ23) < 0.45, (17)
at the three sigma confidence level (see also [26]).
Only modest improvements are expected from the
MINOS experiment [27], given that it will mea-
sure precisely ∆m213 but not ∆m¯
2
13, whose uncer-
tainty currently dominates the bound above. An
antineutrino long-baseline experiment or a next
generation atmospheric neutrino experiment (es-
pecially one capable of distinguishing neutrinos
from antineutrinos) is required to significantly im-
prove on Eqs. (16,17).
More stringent limits can be obtained in the
“1–2” sector by comparing KamLAND and so-
lar data. Figure 3(a) depicts the region of two-
flavor νe ↔ νx parameter space allowed by the
study of the disappearance of electron antineu-
trinos at KamLAND and of electron neutrinos
at several solar neutrino experiments [28]. It is
very impressive that several, very different neu-
trino probes point to the same region of parame-
ter space. This agreement allows one to combine
neutrino and antineutrino data with confidence
and obtain the very precisely measured values of
∆m212 and sin
2 θ12 depicted in Fig. 3(b).
Here, instead, we use the apparent KamLAND-
solar agreement to bound CPT-invariance viola-
tion, and obtain [29]:
∆(∆m212) < 1.1× 10−4 eV2, (18)
∆(sin2 θ12) < 0.6, (19)
at the three sigma confidence level. The bound
Eq. (18) is currently dominated by the uncer-
tainty on ∆m212, measured with the solar data.
Modest improvements are expected from new
data from SNO [30], while more significant im-
provements may come from a next-generation so-
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Figure 2. Allowed regions for the largest neutrino and anti-neutrino mass splittings (∆m213 and ∆m¯
2
13) and
mixing angles (θ23 and θ¯23, θ13 and θ¯13) [25]. The different contours correspond to the two-dimensional
allowed regions at 90%, 95%, 99%, and three sigma confidence levels from all-but-LSND data. The best
fit point is marked with a star. See [25] for details.
lar neutrino experiment. The bound Eq. (19) is
dominated by the KamLAND data, which de-
termines with only moderate precision sin2 θ¯12.
Worse than that, however, even if the KamLAND
data were much more precise, one would not be
able to do better than ∆(sin2 θ12) < | cos 2θ¯12|
[29]. This is due to the fact that matter effects
at KamLAND are very small, and one cannot tell
whether θ¯12 is on the dark side (θ¯12 > π/4). Im-
proving on this situation may prove to be very dif-
ficult, even for next-next-generation long-baseline
experiments. See [29] for more details.
For completeness, I also mention that the cur-
rent upper bound on ∆(sin2 θ13) < O(1). We cur-
rently know, from the CHOOZ experiment [31],
that sin2 2θ13 < 0.1 (roughly), while sin
2 θ13 is
loosely constrained by atmospheric and solar data
(see, for example, figure 2). Significant improve-
ments are expected from next generation reactor
and long-baseline experiments [32].
It is interesting to try to place the bounds ob-
tained above in the larger arena of tests of Lorentz
invariance violation [6]. For example, assuming
that ∆(∆m2ij) = |(m2j − m¯2j)− (m2i − m¯2i )| is rep-
resentative of |m2j − m¯2j |, which is quite reason-
able (barring finely-tuned cancellations), Eq. (18)
represents the currently strongest bound on a
particle–antiparticle mass-squred difference (cf.
|m2K −m2K¯ | = 0.25 eV2 [33]).
4. Summary, Conclusions
In the “New Standard Model,” neutrinos are
not expected to possess observable exotic prop-
erties, like an electric dipole moment or a finite
width. As far as it is concerned, it “only” remains
to determine the values of all neutrino masses
and mixing parameters, whether CP-invariance
(and T-invariance) is violated, and whether lep-
ton number minus baryon number is conserved in
all physical processes (already a very full research
program!).
Nonetheless, massive neutrinos, combined with
precision neutrino data, allow one to look for
(more) new physics. Some neutrino processes
serve as unique (albeit usually relatively weak)
probes of 1/Mnew effects, not dissimilar from their
charged lepton “relatives” (rare muon decays,
electron and muon electric and magneitc dipole
moments, etc). Other neutrino processes pro-
vide information on elusive light fermions and/or
scalars, which may be inaccessible through other
means.
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Figure 3. (a) Allowed regions of neutrino oscillation parameters from KamLAND anti-neutrino data
(shaded regions) and solar neutrino experiments (lines) [28]. (b) Result of a combined two-neutrino
oscillation analysis of KamLAND and the observed solar neutrino fluxes under the assumption of CPT
invariance. See [28] for details.
Furthermore, neutrinos serve as narrow but
very deep, unique probes of “earth-shattering”
effects (Lorentz invariance violation, CPT-
invariance violation, etc), that if observed would
required a long and hard revision of some of the
fundamental principles of physics. The unprece-
dented sensitivity comes from the “quantum in-
terferometric” nature of the oscillation phenom-
ena. It is always useful to keep in mind that
neutrino oscillations have allowed us to observe
the neutrino masses themselves, and that these
may be a manifestation of physics at otherwise-
inaccessible energy scales.
Acknowledgments
It is a pleasure to thank the organisers of the
Neutrino 2004 conference for the invitation to
present this talk and for putting together a well-
organized and very stimulating meeting.
REFERENCES
1. Talk by F. Avignone at the “XXI Interna-
tional Conference on Neutrino Physics and
Astrophysics,” 14–19 June, 2004, Colle`ge de
France, Paris (ν2004).
2. K. Fujikawa and R. Shrock, Phys. Rev. Lett.
45, 963 (1980).
3. Talk by H. Wong at ν2004.
4. See, for example, O.G. Miranda, T.I. Rashba,
A.I. Rez and J.W.F. Valle, hep-ph/0406066
for a recent discussion.
5. For a review, see G.G. Raffelt, Phys. Rept.
320, 319 (1999).
6. S. Eidelman et al. [Particle Data Group Col-
laboration], Phys. Lett. B 592, 1 (2004).
7. Talk by C. Savoy at ν2004.
8. S.T. Petcov, Sov. J. Nucl. Phys. 25, 340
(1977) [Yad. Fiz. 25, 641 (1977)], ERRATA
25, 698 (1977) [25, 1336 (1977)]; T. Gold-
man and G. J. . Stephenson, Phys. Rev. D
816, 2256 (1977); B.W. Lee and R.E. Shrock,
Phys. Rev. D 16, 1444 (1977); P.B. Pal and
L. Wolfenstein, Phys. Rev. D 25, 766 (1982).
9. See, for example, S. Pakvasa and
J.W.F. Valle, Proc. Indian Natl. Sci.
Acad. 70A, 189 (2004).
10. J. F. Beacom and N. F. Bell, Phys. Rev.
D 65, 113009 (2002); A. Bandyopadhyay,
S. Choubey and S. Goswami, Phys. Lett. B
555, 33 (2003).
11. See, for example, J. F. Beacom, N. F. Bell,
D. Hooper, S. Pakvasa and T. J. Weiler, Phys.
Rev. Lett. 90, 181301 (2003).
12. G. L. Fogli, E. Lisi, A. Mirizzi and D. Mon-
tanino, Phys. Rev. D 70, 013001 (2004).
13. Talk by S.T. Petcov at ν2004.
14. S. Pascoli, S. T. Petcov and W. Rodejohann,
Phys. Lett. B 549, 177 (2002). See, however,
V. Barger, S.L. Glashow, P. Langacker and
D. Marfatia, Phys. Lett. B 540, 247 (2002).
15. A. de Gouveˆa, B. Kayser and R.N. Mohapa-
tra, Phys. Rev. D 67, 053004 (2003).
16. M. Gell-Mann, P. Ramond and R. Slansky
in Supergravity, eds. D. Freedman and P.
Van Niuenhuizen (North Holland, Amster-
dam, 1979), p. 315; T. Yanagida in Pro-
ceedings of the Workshop on Unified The-
ory and Baryon Number in the Universe,
eds. O. Sawada and A. Sugamoto (KEK,
Tsukuba, Japan, 1979). See also R. N. Mo-
hapatra and G. Senjanovic´, Phys. Rev. Lett.
44, 912 (1980).
17. M. Fukugita and T. Yanagida, Phys. Lett. B
174, 45 (1986).
18. see, for example, D. Colladay and V. A. Kost-
elecky, Phys. Rev. D 55, 6760 (1997);
S.R. Coleman and S.L. Glashow, Phys. Rev.
D 59, 116008 (1999); V.D. Barger, S. Pak-
vasa, T.J. Weiler and K. Whisnant, Phys.
Rev. Lett. 85, 5055 (2000).
19. A. de Gouveˆa, Phys. Rev. D 66, 076005
(2002).
20. V. A. Kostelecky and M. Mewes, Phys. Rev.
D 69, 016005 (2004).
21. See, for example, A. Datta, R. Gandhi,
P. Mehta and S. U. Sankar, hep-ph/0312027;
J.N. Bahcall, M.C. Gonzalez-Garcia
and C. Pen˜a-Garay, hep-ph/0406294;
S. L. Glashow, hep-ph/0407087; I. Mocioiu
and M. Pospelov, Phys. Lett. B 534, 114
(2002).
22. H. Murayama and T. Yanagida, Phys. Lett.
B 520, 263 (2001).
23. A. Aguilar et al. [LSND Collaboration], Phys.
Rev. D 64, 112007 (2001).
24. See, for example, G. Barenboim, L. Borissov,
J. Lykken and A. Y. Smirnov, JHEP 0210,
001 (2002); G. Barenboim, L. Borissov and
J. Lykken, Phys. Lett. B 534, 106 (2002);
A. Strumia, Phys. Lett. B 539, 91 (2002).
25. M.C. Gonzalez-Garcia, M. Maltoni and
T. Schwetz, Phys. Rev. D 68, 053007 (2003).
26. Talk by E. Kearns at ν2004.
27. Talk by M. Thomson at ν2004.
28. T. Araki et al. [KamLAND Collaboration],
hep-ex/0406035; talk by G. Gratta at ν2004.
29. A. de Gouveˆa and C. Pen˜a-Garay,
hep-ph/0406301.
30. Talk by J. Wilkerson at ν2004.
31. M. Apollonio et al. [CHOOZ Collaboration],
Phys. Lett. B 466, 415 (1999).
32. Talks by Y. Hayato, M. Messier, and L. Ober-
auer at ν2004.
33. H. Murayama, Phys. Lett. B 597, 73 (2004).
